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• The mission assurance organizations at NASA have supported 

many space missions/programs, large and small. Today, that 

spectrum has got wider, ranging from smallsats/cubesats to 

flagship missions such as the planned Europa mission. As always, 

the success of each and every mission counts.

• This presentation is about infusion of new technology into the 

standards for microcircuits, and the work underway to meet the 

needs of new missions.  
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Partnering with the Community
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Space Parts World
Developing/Maintaining Standards for Electronic Parts 

The parts users and standards organizations work with suppliers to ensure availability of standard parts for 

NASA, DoD, and others. For Space microcircuits, DLA, NASA/JPL (S. Agarwal*) and the U.S. Air Force 

/ Aerospace Corp. (L. Harzstark) form the Qualifying Activity (QA). 

*Also Systems, Standards and Technology Council (SSTC) G-12 Vice-Chair; Chair, Space Subcommittee.
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Options for Microcircuits   Rev. D, 6-10-21

• Note 1: Standard PEMs for Space (QMLP) initiative using SAE AS6294 as baseline. Supported by NASA 

Parts Bulletins on PEMs.

• Note 2: For alternate grade microcircuits, follow the activity in 13.2 TG to avoid any duplication of effort.

• Note 3: ATM = Advanced Technology  Microcircuits. Supported by NASA parts bulletin on KGD. 

• Note 4: VID = Vendor Item Drawing. Contact DLA for latest information.

• Note 5: The boundaries separating various classes/grades must be clearly defined - future 

outreach activity.
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Standard RH/RT PEMs for Space 
“Taking SAE AS6294 to the Finish Line”

• SAE CE-12 spent considerable effort in developing a PEM flow for space. 

o Developed SAE AS6294, Requirements for Plastic Encapsulated Microcircuits. 

❖ /1 for space, /2 for terrestrial.

• The SAE AS6294 baselined

o NASA documents

❖ MSFC-STD-3012, GSFC EEE-INST-002, GSFC PEMS-INST-001

o And, SAE SSB-001

• However, it never became a standard QML flow

• Lately, considerable interest in the use of standard plastic parts in space

o Mainly being driven by power management applications

❖ Performance, size, weight advantages; slight cost advantage

❖ Some applications: Cubesats, smallsats, science instruments

❖ New emerging market, does not affect the demand for QMLV products

o Was discussed on NEPAG (Domestic and International) and GWG telecons

❖ We decided to take a fresher look - what would it take for the SAE AS6294 to become a standard PEMs 

flow for Space.

o Several manufacturers offering products built to a flow similar to AS6294

o Actions:

❖ JC13.2 to vote on a TG (September 2020)

➢ T.I. and Boeing to co-lead

➢ NEPAG government working group (GWG) to provide support

• Update (December 18, 2020):

o JC-13.2 opened a new Task Group, chaired by S. Williams (T.I.) and R. DeLeon (Boeing).

o NASA published two parts bulletins on PEMs.

o DLA assigned a new class letter “P” to standard PEMs in Space.

o Goal is for NASA and other agencies/users to be able to procure standard (QMLP) parts for use in 

space applications without having to worry about upscreening commercial plastic parts.
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What if A New Product Didn’t Fit Any of the Existing 

Classifications? The “Class Y” Initiative

• It was recognized by the community that packaging and device 

technology advances are happening rapidly. 

• In order to enable space flight projects to benefit from the newly 

developed devices, e.g., Xilinx Virtex-4 and -5 FPGAs (which are 

ceramic-based flip-chip nonhermetic parts), a new class was 

needed.

• NASA led a CE-12 initiative, called Class Y, for infusing Xilinx 

FPGAs and other similar devices into military/space standards. 

• Such an effort must be coordinated with the suppliers and 

users. 

• Need to address all aspects of packaging configuration. 

• New test methods must be created and the existing standards 

updated as necessary.
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Class Y, A New Beginning for New Technology Infusion 

• ClassY

o It represents advancements in packaging technology, increasing 

functional density, and increasing operating frequency. These are 

ceramic based single-die system-on-a-chip (SoCs) with non-hermetic 

flip-chip construction, in high-pin-count ceramic column grid array 

(CGA) packages. These products use tiny base electrode metal (BME) 

capacitors for signal integrity, and vented packages for thermal 

management. (e.g., Xilinx Virtex-4 FPGAs)

o To address the manufacturability, test, quality, and reliability issues 

unique to new   non-traditional assembly/package technologies 

intended for space applications

❖ Introduced a new concept called Package Integrity Demonstration  

Test Plan (PIDTP) – provided flexibility to manufacturers. 

o This initiative resulted in a major overhaul of MIL-PRF-38535, 

particularly with respect to requirements for flip-chip, underfill, CSAM, 

column grid arrays, etc. Revision K reflecting these changes was 

released in December 2013.

• Started JC-13.7 to address infusion of new technology
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Infusion of New Technology into the Standards 
(Ceramic Based) Class Y Status, January 2021

G-12 

Class Y 

Task Group

Non-Hermetics in 

Space

Manufacturers Primes

Task Group Activities Task Group Inputs

GovernmentReview M. Sampson Idea

Class Y Concept

Development

EP Study (DLA-VA)

BGA / CGA = Ball-Grid Array / Column-Grid Array

BME = Base Metal Electrode

IDC = Inter Digitized Capacitor

Others





Users to procure QML-Y flight 

parts from certified/qualified 

suppliers (in progress)

Coordination Meeting at DLA

Land & Maritime (April 2012)


Aeroflex (October 2011)

Xilinx (February 2012)

Honeywell (May 2012)

Supplier PIDTP Presentation 

Minnowbrook Conference
Oct. 2013, New York

Conference



BAE (October 2012)





 CMSE (Feb. 2013), LA



e2v (January 2013)



DLA-VA to update 38535 with 

Class Y requirements and 

release the draft version (rev. K) 

for comments



DLA-VQ to begin preparation for 

auditing Class Y suppliers


DLA-VA to date 38535K

DLA-VQ to begin audit of 

suppliers to Class Y 

requirements (in progress)





38535K Coordination Meeting

Task groups with Class Y interest formed and closed out.

• Class Y First SMD available

• Qualified Mfr – Honeywell; Cobham (In progress)

• Certified Mfr – e2v Grenoble, Xilinx (Planned), Cypress (Planned)

• Certified Assembly and Test – Kyocera, e2v Grenoble

• Certified Column Attach Manufacturing – Six Sigma, Micross Crewe, Micross AIT, 

Honeywell, and BAE

• BME IDCs: Slash Sheets available.  

Note: Certification = Capability Demo, Qualification = Actually Producing Part

Manufacturer Cert and Qual to 

QML-Y (DLA-VQ) (in progress)

Status as of January 2021

PIDTP = Package Integrity Demonstration Test Plan

SMD = Standard Microcircuit Drawing
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An Example of SMD Boiler Plate Update

• For Flip-chip column attach 

o Add room temperature electricals (subgroups 1, 7, 9) after column attach –

step 11 above
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Class Y Qualification Status 

• Honeywell Aerospace - Plymouth 

o Complete

o SMD 5962-17B01

o Title: Microcircuit, Ceramic Non-Hermetic, Flip Chip, Digital, CMOS 

SOI, Gate Array, HX5000, Radiation Hardened, Monolithic Silicon

• Cobham Colorado Springs

o In progress

o SMD 5962-17B02

o Tentative Title: Microcircuit, Digital, Radiation Hardened, 90nm 

Standard Cell, Monolithic Silicon, Class Y, Radiation Hardened, 

Monolithic Silicon

• Teledyne e2V Grenoble France

o In progress

o SMD 5962-19205 

o High performance processor, PC8548 

• Cypress Semiconductor

o Planned

o 144 Mbit QDR IV SRAM
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ClassY Moving Forward 

• A Follow-on to Ceramic Substrate Class Y

o Interest in organic Class Y, and molded plastic parts had been growing.

o The JC-13.7 created a new task group on organic substrate Class Y  

(September 2018).

o Related task groups started as well (next slide)

• Defense Logistics Agency (DLA) conducted an EP (Engineering 

Practice) study 

A test version of Orion  
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Next Generation Package Technology for Space
Development Roadmap for Space Applications
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2013-2018 2019 ->

Stacked Die, Wirebond

Ceramic Leaded

Flip Chip  

Ceramic LGA/BGA/CGA

Fine Pitch Flip Chip 

Organic LGA/BGA/CGA 

Interposer, TSV

2.5D, 3D 

QML Non-QML

Legacy Advanced Next Generation

Package Technology Availability

QML-V

Hermetic

Class Y

Non-hermetic

Organic 

Class Y

<– 2013 Next Generation

System-in-

Package (SiP)

Credit: Scott Popelar, Cobham, 2019 MRQW, February 7, 2019
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Background: MIL-PRF-38535 offered traditional hermetic class Q and V (class level B, 

S) and non-hermetic class N and Y  devices for military, terrestrial, avionics and space 

applications. Design requirements of modern electronic satellite/warfare systems are 

growing faster and moving forward with newer advanced technologies. Considering the 

complexity of new technologies and device packaging (i.e. 2.5D, 3D type devices) 

techniques, the current MIL-PRF-38535 may not be the best requirements platform to 

accommodate for manufacturing these complex and advanced new technology devices. 

Accordingly, to bring advancement and adoption of new technologies into the QML 

system, DLA Land and Maritime is proposing to create a new performance 

specification, MIL-PRF-ATM applying the Package Integrity Demonstration Test Plan 

(PIDTP) process to the entire microcircuit manufacturing process.  This process was 

developed for class Y flip chip packages and is successfully used in MIL-PRF-38535 

PIDTP requirements.

A JC13.7 task group has been formed to develop the requirements for MIL-PRF-ATM. 

ATM = Advanced Technology Microcircuits

MIL-PRF-ATM (DLA Proposal)
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• ATM  Devices include:

o Flip-chip 2.5D, 3D

o System In Package (SIP)

o Multi Chip Module (MCM)

• ATM Devices class and application environment: 

o Class M for military(terrestrial and avionics) application 

o Class S for Space application

MIL-PRF-ATM
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Burn-in, and Life Test 
Comments from NASA 

• 1. The regression tables need a fresher look

o NASA computations show a large variation in the activation energies (Ea).  See summary below

• 1a. Regression Table in MIL-STD-883, Test Method 1005

o For Class B, Ea range = 0.971eV to 0.986eV

o For Class S, Ea = 0.292eV to 0.403eV

o Considerable variation in Ea values

o For currently quoted Ea of 0.7eV

❖ Class B is less conservative

❖ Class S is more conservative

• 1b. Regression Table in MIL-STD-883, Test Method 1015

o For Class B, Ea = 0.397eV to 0.409eV

o For Class S, Ea = 0.383eV to 0.403eV

o Considerable variation in Ea values

o For currently cited Ea of 0.7eV

❖ Both Class B and Class S are more conservative

• 1c. What is the correct Ea going forward?

o Different sources list different values. According to one source:

❖ 0.3eV is for oxide/dielectric defects, chemical/galvanic/electrolytic corrosion

❖ 0.7eV covers electromigration, broken bonds, lifted die

❖ 1.0eV is for surface contamination induced shifts, lifted bonds (Au-Al interface)

• 2. For accelerated temperature burn-in, and life test  

❖ Are the parts characterized for safe operation before they are subjected to elevated temperatures? 

❖ Recommend making it a requirement

• 3. JEP 163 Document

❖ Is there a plan to update this document?

• Credits: (1) S. Agarwal, A. Hanelli, M. Han, D. Gallagher, N. Ovee, S. Khandker, R. Evans of NASA/JPL - Cal Tech (2) Subject 
discussion in 12 Aug, 2020 NASA Electronic Parts Assurance Group (NEPAG) telecon.



Some Notes on Fracture Mechanics in Plastic Packages

• PEMs 

o Lots of JC13/CE-12 activity to develop Standards for Microcircuits

❖ Heavy discussion on plastic parts in the next 2-3 years (and beyond)

❖ Both ends of the spectrum: overmolded, and organic

❖ Now is a good time to review the fundamentals of plastic packages – the community is making heavy investment in 

them to cover expanded application spectrum/ infuse new technology

o Temp cycling

❖ Done per MIL-STD-883, Test Method 1010

➢ Condition C: -65C to +150C, used for ceramic parts

➢ Condition B: -55C to +125C, being proposed for PEMs for Space

➢ Condition A: -55C to +85C

➢ How about the ramp rates, dwell times?

o Glass Transition Temperature 

❖ No one seems to talk about it any more, has been a mystery

➢ Always measured lower than specified (JPL experience from several years ago)

o Packages are getting smaller, thinner 

❖ A GaN device that NASA/JPL wants to use, comes in a 8mm x 8mm size package 

o Post Assembly

❖ Are any parts issues (e.g., crack propagation) off limits (IPC problem?)

❖ CTE mismatches

❖ Time dependence

❖ (Ceramic) SMD-.5 packages had problems at temp cycling after they were mounted on boards 

➢ Would plastic parts be worse?

❖ Bring parts, IPC, manufacturer communities together

➢ Could a QCI type test/set of guidelines be developed at the part level?

➢ Look at 38535 and 19500 products

o What tests do the materials suppliers run to demonstrate quality/reliability?

o Making improvements to standards, performance specifications 

❖ Is the potential impact of stress/pressure build up in plastic packages being adequately addressed?

• Is it time to address Fracture Mechanics and Microcircuit Standards?

o To identify any gaps and assess their impact

o Plastic encapsulants, dielectric polymers, and underfill materials are subject to delamination and cracking with thermal cycling. Crack 

propagation during use environment exposure, drives the potential for failure of microelectronic devices and is therefore a necessary 

focal point in qualification and life testing.

o Develop methodology for evaluating the time-dependent mechanical failure of semiconductor packages

❖ Resulting from combined effect of stress, temperature, moisture absorption and crack like defect
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Applying Fracture Mechanics to PEMs Qualification - Key Points
(J. Evans, NASA)

• Fracture is a critical reliability issue for the packaging
– Cracking of enclosure
– Delamination
– Cracking of polymer passivation

• Fracture mechanics can inform our testing
• Most critical stresses occur in assembly: greatest opportunity for defect formation

– Thermomechanical
– Hydromechanical

• Moisture control and handling of packages of critical importance
• Screening by Thermomechanical Loading Imposes Risk
• Defect propagation may occur post assembly in thermomechanical loading
• Risk increases with complex packaging 



Conclusion

• New technology infusion is an on-going challenge.

• NASA supports a wide spectrum of space missions/programs ranging 

from smallsats/cubesats to flagship missions such as Juno and the 

planned Europa mission. The success of each mission is important.

• NASA is working with the space community to help infuse new 

technologies into the military standards. ESD aspects should not be 

ignored. We encourage the world wide space community to get/stay 

involved in developing/updating standards.

Thank you!
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BACKUP MATERIAL
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NASA EEE Parts Bulletin, May 15, 2020
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NASA EEE Parts Bulletin

Special Edition: Non-Hermetic and Plastic-Encapsulated 

Microcircuits, Part 2

URS296932, CL#20-6169
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NASA EEE Parts Bulletin
Special Edition: Known Good Die (KGD)

URS299800, CL#21-2280



Texas Instruments (TI)

• The above chart provided by TI shows that their commercial/automotive products 

maybe built at multiple foundries, assembly/test facilities and may use various 

material sets.

• Contact manufacturer for a current version of this chart.
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Image Courtesy of Texas Instruments

Space EP Baseline Controlled Flow
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